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(57) Abstract 

An infusion pump has a removable reservoir including a piston (13) and drive member (12). The drive member is an 
internally threaded elongated portion of the piston. A motor rotates a short drive screw (14), which engages the threads of 
the drive member to displace the piston in the reservoir (1 1). In one embodiment the piston (13) is attached to the drive 
member (12) by a severable central stem (131) which breaks away to allow engagement with the drive screw. With the stem 
severed, the piston (13) cannot be retracted, or the reservoir (11) refilled. Other safety features are shown for locking the 
displaced piston (13) in the reservoir (1 1). A digital metering system has a safety circuit to prevent dangerous failure modes 
of the rotation sensor and motor drive systems. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishinginternational appli- 
cations under the PCX. 



AT 


Austria 


GA 


Gabon 


MR 


Mauritania 


AU 


Australia 


GB 


United Kingdom 


MW 


Malawi 


BB 


Barbados 


HU 


Hungary 


NL 


Netherlands 


BE 


Belgium 


rr 


Italy 


NO 


Norway 


B6 


Bulgaria 


jp 


Japan 


RO 


Romania 


BR 


Brazil 


KP 


Democratic People's Republic 


SD 


Sudan 


CF 


Central African Republic 




of Korea 


SE 


Sweden 


CG 


Congo 


ER 


Republic of Korea 


SN 


Senegal 


CH 


Switzerland 


U 


Liechtenstein 


su 


Soviet Union 


CM 




LK 


.Sri Lanka 


ID 


Chad 


DE 


Germany, Federal Republic of 


LU 


Luxembourg 


TG 


Togo. 


DK 


Denmark 


MC 


Monaco 


US 


United States of America 


n 


Finland 


MG 


Madagascar 






FR 


France 


ML 


Mall 







WO 85/02256 



PCT/US84/01841 
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DESCRIPTION 
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Technical £ls2A 



This invention relates to medical infusion pumps and 
more particularly pumps capable of home use by ambulatory 
patients and pumps having buiit in controls for sustained 
10 or periodic infusions over a substantial time. 



15 development of medical infusion pumps capable of relatively 
continuous operation and also in the development of 
infusion pumps having the ability to administer precisely 
controlled volumes of fluid at preselected intervals. 
Unlike the case with a parenteral fluid administration 

20 apparatus, which typically operates by gravity flow from a 
relatively large reservoir of fluid, medication infusion 
generally involves administration of small dosages so as to 
achieve a prescribed optimum level of medication in the 
bloodstream of the patient. Due to differences in the 

25 rates of metabolism of, or elimination of, various 

medicines, the attainment of precise bloodstream medication 
levels is usually achieved by the periodic administration 
of a dosage of medication, where determination of the 
precise dosage and the correct interval between doses will 

30 depend on the particular medication involved as well as 
criteria peculiar to the patient. Such repeated 
administration of medicines . can be difficult to achieve 
because of erratic, communications with, or supervening 
demands, on hospital nursing staff; moreover repeatedly 

35 giving a patient injections can be traumatic. Thus 

emphasis has grown on developing versatile medical infusion 
pumps to automatically administer a sustained sequence or 
rate of infusions.. Pumps of several types are known in the 



Backgcpu.nd Art 



Much interest has arisen in recent years in the 
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prior art. One species of pump involves rather massive 
mechanical elements for the pump and dosage setting device 
so as to give the very precisely controlled sequence of 
high pressure infusions necessary for radiography. Such 
devices are disclosed in U.S. Patents 3,701,345 and 
3, 81 2 , 843 , among others. 

Another, general purpose, species of pump utilizes a 
motor or clock drive to power a pushing mechanism, using a 
lead screw or rack, for moving a plunger arrangement. 
Examples of such devices are my medication injection device 
disclosed in U.S. Patent No. 3,858,581, or that of U.S. 
Patent 4,059,110. Such devices are more compact and are 
reasonably well adapted for use as bedside periodic 
infusion devices in a hospital setting. However these 
, c devices tend to be somewhat bulky and, for this reason, are 
less than optimal for use on an ambulatory patient. Each 
of the prior art devices also suffers from a looseness in 
its mechanical drive components which requires close 
attention when setting up the initial pumping operation to 
ensure tfcat the device actually pumps a full dose during 
the first duty cycle of its activation. Additionally each 
of the prior art devices has a rather complex mechanical 
structure, introducing significant inertial and frictional 
factors affecting the ease and cost of maintaining' the 
25 units in reliable operating condition over extended times, 
and making them unsuitable for battery powered operation. 

Brief Des cription of the Tnv&ntion 
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30 



The present invention overcomes the foregoing 
limitations by providing a simplified mechanical structure 
for a pump including a reservoir, piston and drive member, 
in which the drive member may be internally threaded for a 
substantial length. A relatively short drive screw, which 
35 may be motor driven,* engages the drive member to propel the 
piston in the reservoir. By using a piston drive member in 
which the skirt is omitted on one side, it is possible to 
place the motor and drive screw substantially within the^ 
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extended piston member body, realizing a substantial 
reduction in space -requirements. Additionally, such a 
structure requires no drive member journals, and dispenses 
with the cumbersome rack or leadscrew characteristic of 
prior art devices. There may result a pump structure with 
5 minimal mass, minimal frictional losses or mechanical, 
inefficiency, and no" mechanical backlash. In a preferred 
embodiment the reservoir, piston, and drive member may. be 
an assembly that can be removed from the pump. In one 
preferred embodiment, interlocking detents on the piston 

1° and reservoir walls may be used to prevent withdrawal or 
reuse of the reservoir assembly or components after use. 
In another preferred embodiment, a shearable stem, which 
may be integrally formed with the piston face, holds the 
piston and drive member together for setting up or bleeding 

15 the pump. The stem then is sheared off by twisting so that 
the piston face floats free,' preventing re-use of the 
reservoir assembly. The invention is well adapted for use 
with battery powered drive, and microprocessor chip control 
. programming means, for dependable use with small power • 

20 requirements in hospital bedside or ambulatory outpatient 
settings. These and other features of the invention will 
become apparent by reference to the drawings. 
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p^o-F npscrintion Of th9 Drawings 



Figure 1A shows a perspective view of a programmable 
microprocessor-controlled embodiment of the invention. 

Figure IB shows a perspective view of an embodiment 
similar to that of Pigure 1A. 
3° Pigure 2 shows details of a disposable reservoir, in 

accordance with the present invention, with the~piston and 
drive member withdrawn. 

Figures 2A, 2B and 2C show various embodiments of a 
reservoir safety retaining feature utilizing a lip, barb, 
35 or groove. 

Figure 3 shows a side view of the piston and drive 
member, showing the placement of the motor and drivescrew 
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within its contours. 

Figure 3A shows a cross-sectional view of the piston 
member and safety barb. 

Figure 3B shows a cross-sectional view of the piston 
member and the breakaway safety stem. 

Figure 4 shows a perspective view of the piston 
member, skirt profile and drive engagement threads. 

Figures 5A, 5B and 5C show different embodiments of 
the piston face adapted to provide a fluid seal. 

Figure 6 shows a large volume embodiment adapted for 
sustained bedside infusion. 

Figure 7 shows a section along line 7-7 of Figure 6, 
showing the motor and drive. 

Figure 8 shows the embodiment of Figure 6 having the 
retaining slide cover. 
15 Figure 9 shows the large volume pump of Figure 6 

including the housing adapted to house a keyboard, control 
circuitry and power supply. 
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nulled ^ Ascription of the .Invention 



Figure 1A shows a perspective view of a complete 
infusion pump according to the present invention, in which 
a housing 16, containing a power supply and microprocessor 
control circuity, accommodates a motorized drive unit and a 
25 disposable piston/reservoir assembly in its upper portion. 
A keyboard 7, preferably of an impermeable, e.g. 
membrane-type, construction is used to enter program 
information to set a schedule of amounts and timing of 
medication doses. A display 9 is used to display the 
30 instrument mode, to give instructions for data entry, and 
to signal certain operator correctable steps and alarm . .. 
states. In the upper portion of the housing is mounted a 
reservoir 11 with a centrally disposed elongated piston 
member 12. The reservoir 11 is secured at one end by a 
35 gentle snap fit within opposing portions of a yoke 15 

formed by the bousing body. (A single side of yoke 15 is 
i shown in this figure.) At the other end of the reservoir 
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is an axially-sliding cover portion 10 of the housing which 
overlies the end of the reservoir 11 and bears against the 
longitudinal portion of piston member 12 to align it. - To 
minimize friction against the piston member 12 as it slides 
within the reservoir 11, there is provided a protruding 
longitudinal ridge 122 comprising the area of contact 
between the piston member and the reservoir 11 and sliding 
cover 10. 

Figure IB shows a perspective view of a complete 
infusion unit similar to the embodiment of Figure 1A and 
viewed from the opposite side. A reservoir 11,- which may 
be graduated along its surface, fits into a recess 17 in 
the unit's housing 16 and is retained by the yoke 15 which 
varies only slightly from the yoke shown in Figure 1A. The 
reservoir 11 is substantially in the form of a hollow 
cylinder, and yoke 15 is positioned so a*. to retain the 
reservoir in axial alignment. It has been found that the . 
use of the split yoke 15 permits convenient insertion of 
the reservoir 11 into recess 17. This yoke is located to 
position the outlet nipple, shown at 29 in Figure 2, 
leaving space fox the attachment of a connector 181 and 
infusion tube 18, both Of which are of a conventional 
design. Also shown in Figure IB are the piston member 12, 
an elongated member with a substantially circular head 13 
for hermetically displacing the fluid in the reservoir 11 
when driven by the rotating screw drive 14 on the shaft of 
the drive motor (not visible). As shown, the housing 16 
removably holds the reservoir 11 and piston member 12 as a 
unit. The circular piston head 13 displaces fluid in the 
reservoir upon axial motion of the piston member. The 
rearward portion of the piston member is shaped like a 
longitudinal segment of cylinder as shown and is preferably 
internally threaded so that it may be inserted" into a 
position of engagement with drive screw 14.' Drive screw 14 
is a finely threaded screw gear, of a diameter to mesh with 
the internal threads of the piston member 12. 

In the embodiment shown, all of the mechanical 

elements of the pump and drive are housed in the top 

■^3 RH -A (J 
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portion of the housing 16 and the remainder of housing 16 
serves to hold a battery or rechargeable power pack and a 
microprocessor control and rate selection means for the 
device. A cover 10 , shown in phantom, slides in the 
direction of axis 8 so as to hold the piston member 12 in 
engagement with the drive screw after the reservoir 
assembly is inserted in the housing. Alternatively, the . 
cover 10 may be an integral fixed part of the housing 16, 
and provided with a slot on the side thereof and 
longitudinally disposed along axis 8; the slot would be 
sufficient in size to permit insertion of the piston member 
12 when the piston-reservoir assembly is first loaded, into 
the motor -assembly. After the insertion of the piston 
member 12 into the slot, the piston member 12 is rotated 
about axis 8 until the member 12 assumes operating position 
underneath the cover, where the member 12 may be retained 
by one or more nubs protruding toward axis 8 from the 
inside of the cover near the slot. In this manner the 
cover holds the piston in engagement with the drive - screw. 

Figure 2 shows the reservoir 11, with its outlet • 
nipple 29. The outlet nipple may be of any conventional 
shape such as a taper or bayonet lock, for attachment of a 
sterile connector fitting 181 and infusion tube 18. When 
used to center the reservoir with respect to a retaining 
stop as shown at 15 in Figure IB the nipple must be of 
sufficient length so that the stop 15 does not interfere 
with attachment of the connector fitting. 

At the other end of the reservoir is the rear edge 20 
of the circular opening constituting the end of the 
reservoir chamber. The present device is intended for use 
in administering infusions over extended periods of time 
thus entailing some likelihood of contamination, or 
incubation of bacterial contaminants. For this reason, it 
is necessary to guard against misuse, particularly the 
possibility that reservoir units may be removed and 
refilled with medication. Such refilling is poor medical 
practice, and would pose a substantial risk of introducing 
pyrogenic, infectious or otherwise toxic contaminants into 
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the infusion fluid. 

Accordingly in one preferred embodiment of this 
invention, a safety feature has been, incorporated to 
prevent withdrawal of the piston and refilling of the 
reservoir. This safety feature includes a modification to 
the inner surface contour of the reservoir adjacent to the 
rear edge 20 of the reservoir, together with a mating 
modification to the distal end of the piston member. Such 
modifications to the reservoir assembly are shown in 
cross-section in Pigures 2A, 2B, and 2C, and may include a 
lip 21, a barb 22, or a groove 24 located to engage the 
piston member and prevent its withdrawal after use. The 
piston member, has a corresponding barb 32 shown in Figure 
3A projecting radially outward from its distal end which 
engages the mating portion of the reservoir wall for 
causing the piston to be locked into the reservoir upon 
full insertion. The piston member also has a rounded 
shoulder 33 preferably extending along each edge of the 
piston member, to prevent gripping the member which could 
defeat- the safety lock. It has been found that the lip 21 
or barb 22 of the reservoir need not protrude more than a 
few thousandths of an inch above the interior face 23 of 
the reservoir chamber to be effective, and thus need 
introduce no unreasonable frictional drag upon the piston 
member. Frictional drag may be altogether eliminated by 
use of the groove 24..and barb 32 embodiment of the safety ^ 
interlock. 

A further preferred embodiment is shown in Figure 3.B. 
(Figures 3 and 3A are discussed below.) In the embodiment 
of Figure 3B, piston face 13 is attached to a safety stem 
30 131, which may be integrally formed with face 13, extending 
through aperture 121 in piston member 12, and holding face 
13 to member 12. Safety stem 131 is capable of 
transmitting force in either direction along its length, 
and accordingly to set up and bleed a reservoir it is only . 
necessary to push or pull on stem 131 as for a conventional 
syringe. However, with stem 131 intact, it is not possible 
to place the reservoir into the housing 16 or into /^ffiSXTT 
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engagement with the motor drive gear 14. Accordingly r to 
mount the assembly for operation, the stem is twisted, 
breaking off at a narrowed stress point 132 , thus removing 
the obstacle to motor engagement. With the stem thus 
5 removed, the face 13 is no longer attached to the piston 
body 12. It will advance when driven by the piston member, 
but will remain within the reservoir and will not retract 
when member 12 is withdrawn. Pace 13 may contain a 
polygonal recess fitted over a corresponding polygonal 

xo protrusion of body 12 to prevent face 13 from turning as 
the stem is twisted to break it away, thus facilitating the 
breaking away of the safety stem. 

Figure 3A shows a longitudinal cross-section of one 
embodiment of the piston member 12 , in which 34 is a nub 

X5 integrally formed with piston member 12 for retaining the 
front face 13. Internal screw threads 31 extend the length 
of the inside face of the* piston member back from the front 
face, culminating in a rounded shoulder, 33 visible at the 
distal edge. On the exterior face of the piston member 12 

20 precisely at the distal end thereof is a slight protrusion 
32 which engages the corresponding lip 21, barb 22 or 
groove 24 shown at Figures 2 A, 2B, or 2C when the piston 
has been fully displaced into the reservoir 11/ thus 
preventing removal of the piston or refilling of the 

25 reservoir. In this regard the shoulder 33 further 

discourages gripping of the piston, to safeguard against 
removal. 

Referring now to Figure 3, there is shown in side view 
the piston member 12 including the front face 13, which is 

30 shown somewhat occluded by the surrounding reservoir 11^ 
Piston face 13 may be a soft neoprene or similar 
FDA-approved compound, such as is commonly used in the 
plunger of disposable syringes, which is fitted over a 
ridged end or bulbous nub at the end of the piston member 

35 so as to be controllably moveably thereby. The precise 
mode of attachment is well known in the art, and 
accordingly no particular detail of that structure is 
shown. The portion of the piston member 12 which is ^ 
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immediately behind the soft front face 13 is substantially 
circular in cross-section, tapering to a long narrow body, 
which is shaped substantially like a segment of a cylinder 
of roughly constant thickness, threaded on the inside. The 
5 threads 31 are shown in cross-section. The precise shape 
of the long cylindrical segment is not critical so long as 
the exterior approximately conforms to the inner contour of 
the reservoir and the segment is not unduly wide or 
narrow. For the long portion of the piston member, a width 
10 of between 1/16 and 3/8 of an inch has been found to be 
practical, as it provides good engagement with the drive 
gear 14, has adequate rigidity and compressive strength to 
transmit the drive force* and is thin enough to avoid 
causing frictionally induced motion from the turning of the 

15 drive screw gear 14. 

Also shown in Figure 3 is the screw gear 14 attached 
to the shaft of motor 35. AS shown in Figure 3 the motor 
has its principal cross-sectional dimension less than the 
diameter of the screw gear,. so that it fits entirely within 

20 the cylindrical region formed by rotating the piston member 
12 about the common central axis of the reservoir/piston 
assembly. An electromagnetic motor having an integral 
high-ratio gear reduction unit coaxially mounted in a 
common housing between the motor and drive gear has been 

25 used. This allows the motor 35 to drive the piston member 
12 directly via the drive screw gear 14 without requiring 
other shafts, gears, pulleys, journals or other mechanical 
coupling or supporting elements in housing 16, resulting in 
a reduction of both inertial load and f rictional losses as 

30 .compared to conventional pumps. The screw gear drive may 
be of any appropriate pitch with the choice of pitch 
dependent on the cross-sectional area of the reservoir, the 
desired delivery rates and infusion pressures, the 
available motor speed and torque output and the desired 

.35 operational cycles. 

In constructing the screw drive, the thread profile of 
the screw gear in relation to the threads of the inner 
surface of the piston member is of some importance. In 

ompi 
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order to reduce backlash in the drive assembly, it is 
useful either to provide sharp peaks on the drive gear 
threads , so that the gear bites somewhat into the trenches 
of the threads of the piston member, or to provide a slight 
5 convexity or preloading in the face of the threads of 
either the drive gear or the piston member. . 

The operative metering principle involved in the 
control system of the present pump is that rotations of the 
drive screw 14 are directly proportional to the linear 
10 displacement of piston, hence to the volume of medicine 
delivered. The automatic control system for the present 
pump utilizes an internal light source which is reflected 
by a segmented optical disc connected to the drive train 
and detected by a photodetector so as to generate, in a 
15 manner known in the art, pulses representative of drive 
screw rotation.' The control system operates the pump, 
starting at: a predetermined time, and continuing until a 
predetermined number of pulses have been generated. 

Because the reservoir 11 holds sufficient medication 
20 for mafty hours or days of therapy, extreme precautions must 
be taken to assure that the pumps do not have faults which 
might result in a continuous pumping failure mode. This 
might occur for instance if the light source failed to turn 
on, or burned out, so that no reflected pulses signalled 
25 the continued operation of the pump. To prevent the 

occurrence of such dangerous events, a novel arrangement is 
used in the drive system of the pump. Specifically the 
light and drive motor are wired in series or otherwise 
arranged so that both necessarily receive power if and only 
30 if the other is receiving and drawing power. In addition, 
condition sensing and power enabling circuitry are provided 
to further assure the device will shut down in the event a 
drive-sensing component fails. In particular a second 
photodetector is provided to detect direct (as opposed to 
35 reflected) light from the internal light source; in the 
event that the second photodetector fails to detect light 
from the internal light source, the circuitry causes power 
to be removed from light-drive motor combination. With 

f QMH ^ 
\^ WPO 



WO 85/02256 



PCT/US84/01841 



- 11 - 

this approach the motor-JLs powered and medicine is 
delivered to the patient only if the motor, the light, and 
the turn-counting mechanism are all functioning. This 
circuit eliminates the dangers of undetected motor jamming 
or lamp burnout. This peculiar arrangement of the 
operating components with the logic and condition sensors 
necessarily assures that none of the permutations of 
component failure can result in a dangerous operating 
condition, but merely in shut-down of the device. 

The foregoing discussion is not restricted to a 
rotation sensing system using reflected light, and it would 
be obvious to one skilled in the art to construct a 
corresponding safety system for use in a rotation sensor 
employing a slotted disc and a transmitted beam of light. 
Accordingly the terms "reflected" or "reflecting" shall 
include "transmitted" or "transmitting" when used herein 
and in the claims. The precise details of the signal 
generation and detection also may be put into practice 
using a variety of components in a manner well known in the 
art. 

Turning now to Figure 4, there is shown the piston 
member 12 having internal threads 31 disposed along the 
length of the piston skirt. By engagement with the short 
rotating screw gear 14 the threads are operative to drive 
the piston a distance equal to the length of the threads 
31. Because the piston skirt must slide laterally into 
engagement with the drive screw, the skirt comprises not 
much more, and preferably less, than a semi-circumferential 
portion of the cylindrical surface, in fact, since the 
piston skirt is used to transmit a linearly-directed drive 
force, shear forces are negligible; and because the piston 
head 13 "is joined to the skirt portion along an arcuate 
edge, the skirt may safely be quite narrow. 

Such a drive member 12, having a narrow skirt, is 
shown in Figures 5A, 5B and 5C, each of which shows an 
alternative embodiment of the piston face. In Figure 5A 
there is shown a piston member having a head 13 in which a 
circumferential groove holds a sealing ring 54. In Figure 

( OM?I » 
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5B a variation of the piston head with sealing ring 54 is 
shown, further having a flared cup 55. The flared cup 
provides a strong seal against fluid leakage in the 
direction opposing the flare. In Figure 5C is shown a 
5 piston member having an integrally-formed head with a 

frontal flared cup 55 , and a spaced-apart rear portion 56 f 
which, because of its thinness, may be of a large diameter 
and operate as a bidirectional seal and scraper. The 
piston skirt in any of these embodiments preferably has one 

10 or more longitudinal ridges, 122 in Figure 2, arrayed along 
its exterior surface, to minimize the area of contact with 
the reservoir wall and to diminish frictional drag. 

Turning now to Figure 6, there is shown an embodiment 
of the present invention usable as a large volume or 

15 macro-pump which may be suspended for bedside use in a 

vertical orientation in a manner similar to a conventional 
gravity infusion reservoir'. The reservoir and drive 
assembly of the macro-pump are scaled-up versions of the 
device of Figure 1, having a housing 66 which accepts a 

20 reservoir 61 having a piston drive member 62. The 

reservoir is removably attached to the housing as by lip 68 
of the reservoir and circumferential groove 69 in the 
housing, or by a breech lock or similar arrangement. The 
piston member 62 includes a piston face 63 , which may be 

25 further sealed using an O-ring or any of the structural 
variations shown in Figures 5A, B or C. 

In Figure 7 is shown a cutaway view along line 7-7 of 
the embodiment of Figure 6, in which a motor 35 and drive 
screw 14 are shown driveably engaging internal threads of 

30 piston member 62. Figure 8 further shows a slot in housing 
66 for holding piston drive member 62 in alignment. After 
insertion of the reservoir assembly into the housing a 
sliding plate 80 may be moved along axis 88 to close the 
slot and hold the piston drive member 62 in engagement with 

35 screw gear 14. Alternate means for biasing the drive 

assembly are possible. Furthermore, while Figure 7 shows a 
drive shaft journalled in the housing, such housing 
journals are not necessary, and the drive screw assembly 
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may be simply mounted on the motor shaft, and the motor 
attached to the housing. 

Because of the rigidity of the reservoir and the 
precise volumetric relationship between drive rotations and 
piston displacement the macro-pump embodiment is readily 
adaptable to microprocessor drive control and information 
display in a manner to yield extremely precise dosage 
control. This rigid piston and reservoir configuration 
eliminates the air space characteristic of bottle 
reservoirs (which consequently require venting, drip 
chambers, and. other equipment) and the undefined volume 
characteristic of bag reservoirs (which do not permit ready 
indication delivered fluid volume) , achieving in a single 
apparatus the precision normally associated with separate, 
expensive, dosing pumps. The housing 66 may house both a 
microprocessor controller and a battery power supply. 

Figure 9 shows such a device, in which the housing 16 
includes a keyboard 7 on one face, comprising a small 
number of programming keys. The panel may incorporate a • 
display similar to 9 of Figure l r .of a kind known in the 
art, on which may appear messages to guide an attendant in 
entering the program data related to reservoir volume; 
total dose and timing. Such a display may also display 
relevant information such as the total delivered dose, or 
time interval since last infusion, all of which may be 
conveniently coded, stored and retrieved starting with the 
basic operating pulse data of the pump drive and the coded 
program data of the microprocessor control, by techniques 
known in the art. 

It should be noted that although the foregoing 
discussion speaks of the fabrication of one embodiment 
using a motor and reducing gear, it is by no means 
necessary that the motor be an electromagnetic rotary motor 
capable of continuous operation. Indeed, a stepping motor, 
or even a solenoid or piezo ratchet driven motor would be 
equally serviceable, as long as the device were capable of 
having its total angular rotation precisely controlled or 
monitored by the control means. Whereas a continuous jdjtt^-. 
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rotary motor may prove best for conveniently infusing an 
initial slug of medication, a stepping motor or ratchet 
drive may prove the most efficient or reliable for 
sustained infusion of maintenance doses at very low rates. 
In that event, a solenoid-actuated ratchet gear and 
corresponding digital control signalling means may be 
provided in the space shown for the motor. Furthermore, 
while the piston member has been shown as having a long 
thin body for simplicity, the relevant structural 
limitation is that the piston member comprise not much more 
than about 180° of arc of a cylindrical surface so that it 
may be conveniently placed in engagement around the drive 
gear, .Thus a plurality of suitably spaced elements with 
internal threads in registry, or a wider piston member 
could be employed instead of the single thin piston body 
shown . 

Accordingly, while the invention has been described 
with reference to specific embodiments thereof, it is to be 
understood that the invention may be embodied in other 
forms without departing from the spirit and scope of the 
invention as defined by the following claims. 
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What is claimed is: 

1. A volumetric pump comprising: 

reservoir means for providing a reservoir of variable 
volume, including a piston which when displaced causes a 
change in reservoir volume; 

drive means affixed to the piston, for displacing the 
piston when such means is engaged against a rotating member 
having a component of angular velocity in the direction of 
piston displacement; and 

a rotatable member which is short in comparison to the 
displacement of the piston, for displacing the piston by 
engagement with the drive means. 

2. A pump according to Claim 1, wherein the rotatable 

member is a drive screw. 

3. a pump according to Claim 2, wherein the drive 
means has a drive surface that is substantially a ' 
longitudinal portion of a surface of revolution about an . 
axis substantially parallel to the direction of piston 
displacement, and wherein the drive screw engages the drive 
surface. 

4. A pump according to Claim 3, wherein the drive 
surface is threaded along its interior for a length at 
least as great as the desired total piston displacement. 

5. A pump according to Claim 4, wherein the drive 
screw is driven by a motor, and wherein a substantial 
portion of the motor and the drive screw are contained 
within the surface of revolution defined by the drive 
surface. 

6. A pump according to Claim 4, wherein the reservoir 
means and drive means form an assembly that is removably 
engageable against the drive screw. 

7. A pump according to Claim 5, wherein the reservoir 
means and drive means form an assembly that is removably 
engageable against the drive screw. 

8. A pump according to Claim 6, further comprising: 
locking means, associated with the reservoir means and 

with the drive means, for preventing withdrawal of the 
piston and refilling of the reservoir af^er the piston has . 
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b'^en displaced a predetermined distance. 

9. A pump according to Claim 6, further comprising: 
sever-connecticn means r for temporarily connecting the 

piston to the drive means, for movement of the drive means 
both to increase and to decrease the volume of the 
reservoir means, in such a way that the sever-connection 
means must be severed to permit placing of the drive means 
in engagement with the drive screw, so that the piston is 
then no longer connected to the drive means and the drive 
means can then be moved only to decrease the volume of the 
reservoir means. 

10. A pump according to Claim 9, wherein the 
sever-connection means includes a stem, one end of which 
severably connects the piston and the drive means and the 
other end of which serves as a handle to manipulate 
displacement of the piston before the stem is severed. 

11. A pump according to Claim 6, wherein the piston 
has a skirt and the skirt includes the drive surface. 

"12. A pump according to Claim 11, wherein the drive 
surface is an arcuate portion not substantially greater 
than radians of a surface of revolution. 

13. A pump according to Claim 12, wherein the piston 
skirt has at least one longitudinal, ridge along its 
exterior surface aligned parallel to the direction of 
piston motion. 

14. A pump according to Claim 12, further including a 
housing with a cover movable from a first to a second 
position, wherein the cover in said first position permits 
placement of the reservoir and drive means in the housing, 
and in said second position slidably maintains the piston 
skirt in position to engage the drive screw. 

15. A reservoir assembly, for removable engagement 
with a motor assembly so as to form a volumetric pump r the 
reservoir assembly comprising: 

reservoir means for providing a reservoir of variable 
volume, including a piston which when displaced causes a 
change in reservoir volume; and 

drive means, afcfixed to the piston, having a drive 
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surface that is substantially a longitudinal portion of a 
surface of revolution about an axis substantially parallel 
to the .direction of piston displacement, for displacing the 
piston when the drive surface is engaged against a drive 
screw having a component of angular velocity in the 
5 direction of piston displacement. 

16. A reservoir- assembly according to Claim 15, 
wherein the piston has a skirt, arid the skirt includes the 
drive surface. 

17. A reservoir assembly according to Claim 16, 
10 wherein the drive surface is an arcuate portion not 

substantially greater than radians of the surface of 

revolution. 

18. A reservoir assembly according to Claim 17, 
wherein the drive surface is an arcuate portion less than 

15 radians of the surface of revolution. 

19. A reservoir assembly according to Claim 16, 
wherein the piston skirt has at least one longitudinal 
ridge along its exterior surface- aligned parallel to the . % 
direction of piston motion. 

20 20. A reservoir assembly according to Claim 16, 

further comprising: 

locking means, associated with the reservoir means and 
with the drive means, for preventing withdrawal of the 
piston and refilling of the reservoir after the piston has 

25 been displaced a predetermined distance. 

21. A reservoir assembly according to Claim 20, 
wherein the piston has a fluid contacting face and the 
reservoir means includes a chamber having an interior 
surface along, which the piston is displaced, and wherein 

30 the locking means includes a lip in the interior surface of 
the chamber and a barb at the end of the skirt distal from 
the piston face which mates with the lip when the piston 
has been displaced a predetermined distance into the 
chamber^ 

35 22. A reservoir assembly with a piston for removable 

engagement with a motor drive, the piston having a drive 
body for engaging the motor drive and a fluid contacting 
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face, such assembly comprising: 

a stem, attaching the fluid contacting face to the 
drive body, the stem being so positioned that it must be 
severed to permit placing the reservoir assembly with 
piston in engagement with the motor drive, so that when the 
piston is placed in engagement with the motor drive the 
face is detached from the body and retraction of the face 
and refilling of the reservoir are prevented, 

23. A reservoir assembly according to Claim 22, 
wherein the stem extends along a central longitudinal 
piston axis and blocks the drive mechanism from engaging an 
internal surface of the piston* 

24. A reservoir assembly according to Claim 22, 
wherein the stem is of sufficient strength to transmit push 
and pull forces for filling and bleeding the assembly, but 
has a weak portion which may be severed by twisting, so as 
to detach the face from the body. 

25. A reservoir assembly according to Claim 24, 
wherein the stem is integrally formed' with the piston 
face. 

26. A reservoir assembly . according to Claim 23, 
wherein the drive body includes a piston skirt, threaded 
along its interior for a length greater than the desired 
total piston displacement. 

. 27. In a pump having an electric motor drive for 
displacing a pumping element and also having a rotation 
sensor including an electrically-powered signal generator, 
a signal reflecting disc mounted on the drive for 
reflecting the signal, and a reflected signal detector, a 
safety system to prevent undetected operation of the pump 
comprising: - — - 

circuit means for applying electrical power to the 
motor when and only when electrical power is applied to the 
signal generator; 

first means, including a signal detector, for 
detecting when the electrically-powered signal generator is 
generating a signal; and 

logic control means, connected to the first means and 
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to the reflected signal detector, for allowing power to 
flow to the circuit means only when the first means and the 
reflected signal detector both detect signals. 

2 8. A safety system according to Claim 27, wherein 
the circuit means includes a series connection of the motor 
and the signal generator. 

29. A safety system according to Claim 27, wherein 
the signal generator is a light-emitting diode and wherein 
the first means and reflected signal detector each include 
photodetectors. 
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